ABSTRACT
INTRODUCTION
Adhesions are the most frequent complication following abdominal and pelvic surgery, developing after more than 90% of interventions concerning the abdominal cavity 1 . Consequences include infertility, chronic pelvic pain and small bowel obstruction. Adhesions increase the complexity of future surgery by increasing the risk of urinary tract and intestinal injury, and by increasing the operative duration and thus the risk of blood loss 2 . This represents a considerable healthcare issue, as it has a significant impact both on the patient, increasing morbidity and mortality, and on healthcare costs 3 . It is therefore important for surgeons to detect patients at high risk of having adhesions. This information can permit preoperative planning by a multidisciplinary team of surgeons and allow the patient to be informed of the potentially high risk of complications. Various means have been proposed to predict adhesions prior to surgery, including analysis of patient characteristics and appearance of the scar 4 , as well as the intraoperative peritoneal adhesion index 5 . Dynamic ultrasound techniques such as transabdominal and transvaginal sonographic (TVS) sliding sign have also been used to predict adhesions before surgery 6 . The aim of this study was to evaluate the TVS sliding sign in predicting pelvic adhesions in women with a history of abdominopelvic surgery.
METHODS
This was a multicenter, prospective, double-blind study conducted over the 6-month period from March to August 2016 in three academic obstetrics and gynecology departments (Teaching Hospital of Bougatfa in Bizerte, Neonatology and Maternity Center of Tunis and Aziza Othmana Hospital, Tunis, Tunisia). Local ethics committee approval was obtained and all patients gave their informed consent to participate. Women were eligible to participate if they had a history of abdominopelvic surgery and were scheduled to undergo laparoscopy or laparotomy. Those who had previously undergone surgery for endometriosis were not included.
Prior to surgery, all women underwent TVS with an Alpha 7 (Aloka Ltd, Tokyo, Japan) or a Voluson E6 ultrasound machine (GE Healthcare Ultrasound, Milwaukee, WI, USA), equipped with a 7.5-MHz transvaginal probe. All gynecologists participating in the study (A.A., H.A., M.Bo.) had experience in gynecological ultrasound, having performed more than 3000 TVS examinations, including at least 40 to assess the sliding sign, before taking part in the study. During the examination, the vesicouterine pouch, uterus, ovaries and pouch of Douglas (POD) were assessed, using the real-time TVS pelvic sliding sign, as described by Hudelist et al. 7 . Briefly, this involved applying gentle pressure with the TVS probe to the area of interest, to determine whether the structure glided freely in relation to adjacent structures. To be considered as sliding, the structures had to glide easily, one against the other (positive sliding sign); no motion of the structure in question signalled a negative sliding sign. If necessary, to maximize the slide, the structure could be mobilized by palpation with the free hand and by asking the patient to breathe deeply, accentuating their respiratory movements.
To assess the vesicouterine pouch, the probe was placed in the anterior vagina, and the movement between the vesicouterine fold and the anterior uterine face was assessed (Videoclip S1). The fundus of the uterus could be mobilized by palpation if necessary. The probe was then placed on the uterine cervix and gentle pressure was exerted on the fundus, mobilizing it against the bowel. If the bowel glided against the posterior uterine fundus, the sliding sign was positive.
The lateral pouches were explored in the same way, using palpation to mobilize the ovaries or adnexa (Videoclips S2 and S3). Finally, sliding in the POD was assessed along the posterior vagina, the sliding sign being positive if the anterior rectum wall glided smoothly over the posterior vagina and posterior cervix (Videoclip S4). If an ovarian cyst, hydrosalpinx or other mass was present, the sliding sign was assessed for this mass as for the adnexal sliding sign. Virgins and patients who declined to undergo TVS were excluded from the study.
Ultrasound findings, and medical and surgical data were assessed prospectively before surgery and during the patient's hospitalization. During surgery, a detailed description of adhesions and any inadvertent damage was provided through direct observation by one of four surgeons (L.M., M.K., M.Br., H.B.) participating in the study. Adhesions were described as follows: no adhesions; thin or filmy adhesions (minimal); thick, dense and fibrous adhesions containing vessels (moderate); severe adhesions with direct contact with bowel and pelvic organs (complete obliteration). The location of adhesions was included in the description as follows: POD/retrocervix; posterior uterine fundus; vesicouterine pouch; adnexa. The duration of the intervention, expressed in minutes, was recorded in the anesthesia notes.
Certain surgical procedures, such as myomectomy or for pelvic inflammatory disease, are known to produce more adhesions than other procedures, so the sonographers were blinded to the type of previous surgery in order to interpret objectively the TVS sliding sign. For the same reason, and because there is no standardized description of adhesions in the literature 8, 9 , the surgeons were blinded to the TVS sliding sign results.
Statistical analysis
Descriptive statistics for the continuous variables are presented as mean and 95% CI. Data were analyzed to determine the accuracy of the preoperative TVS sliding sign in the prediction of pelvic adhesions, in terms of sensitivity, specificity, positive (PPV) and negative (NPV) predictive values, and positive (LR+) and negative (LR-) likelihood ratios. These analyses were then repeated for each compartment separately, along with receiver-operating characteristics (ROC) curve analysis. When appropriate, the chi-square test was used to test the statistical significance for prediction of pelvic adhesions using the sliding sign. P < 0.05 was considered statistically significant. Statistical analysis was performed with IBM SPSS Statistics v. 20 (IBM Corp., Armonk, NY, USA).
RESULTS
During the 6-month study period, we enrolled 129 women with previous abdominopelvic surgery. Following exclusions, the study population comprised 107 women with complete information on TVS sliding sign and laparoscopic or laparotomic data ( Figure 1 ). Their mean age was 44.0 (95% CI, 41.6-46.4; range, 20-79) years and mean parity was 2.0 (95% CI, 1.7-2.3; range, 0-9). Their mean number of previous abdominal surgical procedures was 1.3 (95% CI, 1.2-1.5; range, 1-4); these are specified in Table 1 .
Adhesions were noted during surgery in 27/107 (25.2%) patients. Numbers of patients with adhesions diagnosed by TVS sliding sign and the locations with a negative sliding sign are reported in Tables 2 and Women with Data are given as n.
3, respectively. The sensitivity of preoperative sliding sign in the prediction of adhesions was 96.3% and the specificity was 92.6% (Table 4 ). There was a significant relationship between presence of adhesions in each compartment and the TVS sliding sign (P < 0.05) ( Table 4 ). The mean duration of intervention in patients with adhesions was significantly greater than that in patients without adhesions, especially those undergoing ovarian cystectomy or hysterectomy (P < 0.05) ( Table 5) . Three complications occurred during the study: two bowel injuries and one surgical site infection. The TVS sliding sign correctly predicted pelvic adhesions in 89.7% of the patients (n = 96). The TVS sliding sign predicted pelvic adhesions incorrectly in 11 patients: three had a negative sliding sign but no adhesions were found during the intervention, while eight had a positive sliding sign, but adhesions were found during the intervention. Among these eight patients, the preoperative TVS sliding sign did not predict the intraoperative adhesion findings in individual compartments on a total of 13 occasions (Table 6 ). On 11 (84.6%) of these occasions, the adhesions were minimal; on only two occasions were the undiagnosed adhesions moderate or complete.
DISCUSSION
We have shown that the non-invasive, well-tolerated TVS sliding sign technique can be used to predict preoperatively pelvic adhesions with good sensitivity and specificity. We found this technique to have an overall sensitivity of 96.3% and specificity of 92.6%. For prediction of adhesions in the retrocervix, the sensitivity was 97.8%, specificity 94.4%, PPV 98.9%, NPV 89.5% and area under the ROC curve (AUC) 0.942 (95% CI, 0.860-1; P = 0.0001). These findings are in agreement with those of Reid et al. 10 , who assessed the sliding sign for prediction of obliteration of the POD in women with suspected endometriosis and found an accuracy of 93.0%, sensitivity of 83.3%, specificity of 97.1%, PPV of 92.6% and NPV of 93.2%.
This real-time dynamic ultrasound technique is now well known in the management of endometriosis. The vast majority of studies have focused on accuracy of the sliding sign in the diagnosis of POD obliteration by deep endometriosis [11] [12] [13] [14] . Only a few studies have been conducted in order to predict abdominopelvic adhesions. Transabdominal ultrasound using the sliding sign technique has been used for detecting adhesions with conflicting results 15 . Larciprete et al. 6 168.00 168.00 (n = 4) NA (n = 0) NA NA, not applicable. the sliding of viscera by transabdominal ultrasound to predict the location of adhesions before introduction of the first trocar, and found a significant association. Nezhat et al. 16 also demonstrated the usefulness of preoperative adhesion mapping by periumbilical ultrasound-guided saline infusion. Moro et al. 17 , using the sliding sign, analyzed the location of pelvic adhesions in women with a history of Cesarean section in order to identify risk factors and associated symptoms. Jurkovic et al. 18 used negative sliding sign as a criterion to diagnose pregnancy implanted into the Cesarean scar of a previous pregnancy in order to differentiate it from miscarriage. To our knowledge, no study has been conducted specifically to predict preoperative pelvic adhesions in women with previous abdominopelvic surgery using the TVS sliding sign.
evaluated
We found better prediction by the TVS sliding sign for uterine fundus (AUC = 0.978 (95% CI, 0.952-1) (P = 0.0001)) and adnexal (AUC = 0.984 (95% CI, 0.962-1) (P = 0.0001)) adhesions than for other locations. We believe that, in these locations, the use of palpation to maximize the TVS sliding sign may improve movement. Various other methods have been described to improve the accuracy of the TVS sliding sign technique, such as using sonovaginography to increase the performance of the sliding sign for diagnosis of deep infiltration of the rectum 19, 20 .
Our study had some limitations. Being a multicenter study could have affected the results for TVS sliding sign accuracy. The influence of inter-and intraobserver variability is important and has been evaluated in some studies 21 ; unfortunately, we could not do so, lacking some of the videos from other centers. Furthermore, the majority of adhesions missed by the TVS sliding sign were minimal. These non-diagnosed adhesions could be explained by the fact that minimal or filmy adhesions could allow two adjacent structures to move relatively freely, giving a positive sliding sign: this occurred in 84.6% of the instances in which a positive sliding sign was observed but adhesions were present in a compartment. Accuracy of the TVS sliding sign could probably be improved by classifying it into degrees of gliding. However, a learning curve seemed to be necessary to give good reproducibility 22, 23 ; this could limit introduction of the preoperative TVS sliding sign routinely.
Adhesions are associated with various short-and long-term complications, including chronic pelvic pain, infertility, dyspareunia, dysuria, small bowel obstruction and increased operative difficulty in repeat surgical procedures 24 . Adhesiolysis is required to free the operative area and knowing their location prior to surgical intervention will assist in planning the procedure. However, adhesions located high in the abdominal cavity cannot be diagnosed using a transvaginal probe. In such cases, combined transabdominal-TVS sliding sign could improve management of the intervention and guide the laparotomy, laparoscopy or vaginal surgery.
The real-time dynamic TVS sliding sign is a non-invasive, well-tolerated technique. Its preoperative analysis in patients who have had previous abdominopelvic surgery may help to evaluate the risk of bowel or bladder injury and the complexity of the planned intervention, improving the safety of surgery, and may help to inform the anesthesiologist regarding the expected duration of the intervention and any potential complications during the procedure. It may also guide the surgeon's choice between laparoscopy, laparotomy and vaginal surgery, to decrease the risk of bowel or vessel injury or conversion. The TVS sliding sign can also help in assessment of the severity of adhesions, allowing the patient to be referred to a multidisciplinary center with expertise in bladder and bowel surgery, and guiding the planning of the operation. It can also play an important part in the decision of whether to perform non-essential surgery, for example in patients with an obliterated pelvis.
Fewer than 10% of surgeons inform their patients about the potential complications associated with adhesions 25 .
Because of a large number of complaints for bowel injuries as a result of pre-existing adhesions 26 , patients should be informed of the risks of the surgery, as well as of the possibility of application of antiadhesive agents to help to minimize existing adhesions and to help prevent formation of adhesions in the future 27 . We hope that in future, the sliding sign will be a routine part of any TVS examination. TVS is generally performed for symptoms such as chronic abdominopelvic pain, dyspareunia or dysuria, for diagnosis of pelvic inflammatory disease or in the investigation of infertility. When the TVS examination appears normal despite such symptoms, adhesions should be considered as the cause. The TVS sliding sign could be helpful in these cases.
In conclusion, the ability to detect adhesions in the pelvis by a non-invasive and well-tolerated technique such as the TVS sliding sign could help in the planning of laparoscopy or laparotomy and counseling of patients who have previously undergone abdominopelvic surgery and are therefore at risk of adhesions.
